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All species of fish are able to propagate and maintain their numbers 
provided that no adverse influence occurs to change the compatible environment -
the salmon is no exception. 
Decline in fish populations can, in the majority of instances, be traced 
to three main causes t 
1) The changes which man has wrought upon the 
environment 
2) Disease and infestation by parasites 
3) Over exploitation. 
Man, being the only animal able to change the environment materially, 
is responsible in many ways for the reduction of stocks of migratory and 
non-migratory fish in inland waters. Over-exploitation by commercial and sport 
fisheries; changes in habitat which result from water abstraction and changed 
river usage5 the discharge into rivers of waste materials (often inadequately 
treated)1 and also the use of pesticides which can have harmful effects on 
the animal life on which the fish feed, are examples well-known to all engaged 
in fish conservation. 
Diseases and infestation by parasites occur from time to time in open 
waters, and whilst treatment is almost always impossible, reductions of fish 
stocks on a national scale do not normally result. The disease known as 
UoD.Eo, which at the present time is affecting the majority of rivers in the 
British Isles, is the exception and has caused the death of many thousands of 
salmon and sea trout and, .as a result, spawning potential has been reduced. 
Assessments of the fluctuations in salmon stock are usually obtained 
from redd counts plus catch returns, or "b'j counting the adult fish as they 
move upstream plus catch returns. Whilst some indication of decline, stability 
or increase in fish 'Stocks may be obtained by the use of the preceeding methods 
results' should bo viewed with extreme caution. 
Returns of fish caught by rodsmen and netsmen are notoriously inaccurate. 
For example, in 1966, 34 salmon were returned by rodsmen from the River Wyre. 
The bailiff for this river reported and confirmed that 130 salmon were actually 
caught. In 1967s 173 salmon were returned by rodsmen from the River Ribble. 
The bailiffs for this river reported and confirmed that 741 salmon were actually 
caught. The degree of error in fish returns is likely to be inconstant, being 
1. 
narrow when catches are small and wider when catches are large. Especially 
is this so where improvement in stock has occurred as the tendency in returns 
of fish caught will be for the gap between fact and fiction to increase with 
improvement in catches. 
The reasons for inaccurate returns are many, but probably finance is 
the largest factor. Increase in the number of fish caught by rodsmen is usually 
followed by an increase in the rent they have to pay for their fishing or in the 
cost of permits on waters v/here permits are issued. Anglers are, for this 
reason, loathe to admit an improvement in catches. Increase in the number 
of fish taken by commercial netsmen brings a flood of protest from anglers and 
riparian owners ivho quote the amount of money paid for licences
 5 rates and rents 
and compare the percentages of salmon taken by rods against net catches and then 
press for a reduction in the number of nets and/or an increase in the net licence 
duty. It isuunderstandable that these factors are not conducive to accurate 
returns. 
Propagation of fish by artificial means has long been a subject of 
discussion amongst fishery workers and views have been expressed (both favourable 
and unfavourable) on the merits of the various methods employed. The problems 
associated with obtaining accurate information on the numbers of salmon entering 
a river system makes it extremely difficult to establish that artificial 
propagation mil result in improvement of salmon stocks. Conversely, It Is 
difficult to prove that the stocks of salmon T;hich appeor to remain stable 
in certain rivers would not have declined if artificial propagation had not 
been carried out. 
It is obvious that where certain conditions obtain little or no improvement 
in the stock of salmon vail result from propagation works. For example, if 
the adult stock is adequate, and. conditions are suitable for natural reproduction 
and all subsequent stages of development, it is likely that a river mil carry 
the maximum population of the different development stages. The productivity 
per unit area may vary in different rivers, but no amount of implantation with 
ova, fry or parr will increase the natural population celling. Of course, 
productivity may vary from season to season as a result of extreme climatic 
conditions. 
It would be futile to attempt to propagate salmon for the purpose of 
maintaining stocks or reintroducing stocks into rivers where the flows have 
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been reduced or the flow pattern changed to such a degree that the habitat 
is affected to the point where it is becoming or has become incompatible to 
the species. 
In an attempt to discover whether artificial propagation was necessary 
and also to find the best methods of propagation to adopt in the various rivers, 
a phased programme of investigation into natural spawning efficiency and the 
results obtained by various methods of artificial propagation was started in 
the Lancashire River Board area during 1957 -
The object being to seek information on:= 
(1) The survival of ova from natural spawnings 
to the eyed and alevin stages 
(2) The population density of feeding fry (from 
natural spawnings) at various intervals of development 
(3) The viability of green ova and eyed ova- when 
planted artificially 
(4)a The survival to 0+ parr from implants of eyed 
ova unfed fry and fed fry 
b Populations per unit area of 0+ parr from ' 
various planting densities of eyed ova, unfed 
fry and fed fry. 
During the investigation sis stages of development were recognised 'j 
1) Green ova - ova freshly fertilised and this term 
is applied up to 36 hours after fertilisation. 
2) Developing ova •- ova from 36 hours after fertilisation 
to pigmentation of the eye of the embryo. 
3) Eyed ova - ova in which the eyes of the embryo become 
visible through the capsule of the egg and thereafter 
to the point of hatching 
4) Alevins - from the point of hatching to complete 
absorption of the yoke sac 
5) Fry - free swimming fish up to 2 inches in length 




MARKING AND EXAMINATION OF NATURAL SALMON REDDS 
SELECTION OF STATIONS 
Sampling stations were selected on the Rivers Ribble, Lune and Wyre 
watersheds for the purpose of marking and examination of natural salmon redds. 
The areas chosen were stickles where the river bed was composed of gravel and 
where water velocities over the gravel were from 1 to 2 feet per second. In 
the five years prior to the commencement of investigations, salmon had "been 
observed to spawn annually on all the areas selected. 
MARKING OF REDDS 
During the spawning seasons 1959, 1960 and I96I redds were marked by 
inserting metal rods at the upstream and downstream extremities of each redd 
selected. Daily observations were made on spawning progress on each stickle, 
and a record of the position of each redd, the number of cuts made by individual 
females, the estimated weight of each female, and the date of completion of 
each redd was kept by means of a sketch plan of the station. Only completed 
redds in which the female fish had made a minimum of four cuts were selected 
and marked for the investigation. 
DESCRIPTION OF APPARATUS 
'So literature was available from which information could be obtained 
on procedures to be used for the examination of natural redds in natural 
conditions. An efficient system of examination had to be developed, and 
apparatus had to be designed for this purpose. Excavation of the gravel 
forming the redds presented no problem, but some means of collecting the 
displaced ova had to be devised. Three different types of collection 
apparatus were constructed and tested, and the following is a description 
of the most efficient type. 
A rectangular frame 15 inches by 40 inches was constructed from -§• diameter 
galvanised steel rod. Uylon net of inch mesh size was formed into a cone, 
the widest part of this fabrication was attached to the metal frame and a 
draw string was incorporated at the narrow part of the cone by which means 
kilner jars could be attached. Metal side wings were fitted to prevent ova-
being washed outside the net area. 
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METHOD OF EXAMINATION 
The net was placed on the river bed at the downstream extremity of the 
redd to be examined and the metal side wings fitted to the net frame parallel 
to the sides of the redd. Gravel was removed from the redd by hand or with 
the aid of a rake or fork until the bottom of the redd was reached (usually 12 
to 18 inches in depth). Ova disturbed during excavations were carried downstream 
into the net by the flow of water and when the excavation of each redd was complete 
the contents of the net were washed into the jar which was labelled with the log 
number- of the redd. 
To find the efficiency of natural spawning it is necessary to accept a 
method of assessment whereby a quantitative ratio between the probable number of 
eggs deposited and the number of viable eggs at late stage of development can 
be determined. 
Under natural conditions it is impossible to obtain accurate information 
of the number of eggs deposited in the redd by a female salmon at the time of 
spawning, and therefore, some method of assessing the probable number of eggs 
deposited by individual females must be accepted. 
Analysis of records taken over three years of the ratio of body weight 
to egg production in female salmon stripped to obtain eggs for the Hatchery, 
showed an average production potential of 700 eggs per pound body weight. 
In the spaiming season of 1959 tests were made to ascertain the efficiency 
of the collection apparatus and method. 
On each of four redds the number of cuts and the weight of the female 
salmon were recorded. From four to si:-: days after the last cut was made these 
redds were excavated as previously described. The probable number of oggs 
deposited was assessed at 700 per pound of body weight. 
The results of trial examinations are given below ; 
4.12.59 10 7000 6 5752 
10.12.59 8 5600 5 4986 
16.12.59 7 4900 4 4300 
16,12.59 5 3500 4 3002 
The exploratory examinations of freshly completed salmon redds confirmed 
the method, used for the recover of eggs to be reasonably efficient, and the 
assessment of a potential 700 eggs per pound of bod;/ weight to be acceptable. 
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During the investigation many of the metal rods used tc mark redds 
were washed away by floods, this was especially so on the Paver Lune main river 
head-water. On the Hivers Kibble, Hodder, Nenning and Wyre, and to a lesser 
extent on the River Greta, the intersections between the stones comprising 
the gravel of spawning stickles, are full of sand and silt and the beds of 
these rivers are compacted. Markers driven into this type of bed generally 
remained in situ. On the head-water of the River Luno itself, the gravel 
is loose and there is very little compacting of the gravel by silt. The 
majority of marker rods driven into this type of bed were removed by floods. 
During the seasons i960, 1961 and 1962, 14-0 natural salmon redds were 
marked on the Rivers Kibble, Hodder, Syre, Wenning, Greta, Dee and Lune. The 
number of redds marked and the number excavated on each river are shown on 
Table 1, together with the estimated, total number of eggs deposited, the numbers 
of eyed ova recovered, and the estimated, percentage survival. 
It is essential to point out that due to the difficulties experienced 
from the marker sticks being washed out, of the 31 redds marked on the River 
Lune, only three could be examined. 
It will be seen from Table 1 that redds in the Rivers Ribble, Hodder, 
I»Jyre and Wenning produced a small number of eyed ova when compared to the 
estimated number of ova deposited. During examination of redds in the four -
above named Rivers, all ova which were found to bo eyed and apparently healthy 
were in the upper layers of the gravel from which the redd was formed. Kb ova 
were found below about 8 inches deep. Gravel in the lower areas of the redd 
was observed to have patches of characteristic blue-black staining.* The River 
Greta, River Dee and River Lune (all Lune watershed) produce a much higher 
survival, and healthy ova were excavated from these redds at depths of 12 inches 
plus. 
* In 1957/58 dead ova found in artificial redds caused similar discolouration 
of the gravel. 
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EXCAVATION OF NATURAL SALMON REDDS 
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PART II 
THE POPULATION DENSITY OF FEEDING FRY (FROM 
NATURAL SPAWNINGS) AT VARIOUS INTERVALS OF 
DEVELOPMENT 
SELECTION OF STATIONS 
'The stations selected for investigation into the population density of 
fry from natural spawnings were chosen from stickles on the Rivers Kibble and 
Lune where the density of natural spawning was not less than one redd to 12 square 
yards of suitable gravel* 
METHOD OF COLLECTION 
Fry were collected by means of a net similar to that described for 
collecting ova from natural redds but used in conjunction with, a portable B.C. 
generator giving an output of 1 to 3 amps at 230 volts, At monthly intervals 
10 'separate sections of one square yard were electro fished" on each of the 
stickles selected. The results of these investigations are shown on Table 2 
below. 
Survival Densities - Eatural Soawned Stickles 
TABLE 2. 
The density of spawning of one redd to 12 square yards is obviously 
sufficient to secure more than adetjuate seeding of the available rearing area, 
e.g. if a redd contained only 3000 eggs the seeding density would be 250 eggs 
per square yard. 
p 
Inspection of the results reveals that during the first sampling period 
the method of collection is not efficient, this is possibly due to poor swimming 
capability or small size of the fry. Both of these factors may reduce the 
response to D.C. fishing equipment. Despite this factor, the results show that 
the population densities in the Lune achieved by natural spawning are consistently 
about four times higher than those in the Sibble. This difference is apparent 
from the first date of sampling and does not show any great variation during the 
sampling period- As there is no reason to suppose that fertility of salmon in 
the Eibble is different to that in the Lune it may be assumed that the difference 
in population density occurs at some point during the development of the ova, 
From this evidence and that of the previous section it was assumed that the 
production of fry from natural redds in the river Kibble system was being severely 
restricted, probably by siltation. 
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PART III 
THE VIABILITY OF GREEN OVA AND EYED OVA WHEN 
PLANTED ARTIFICIALLY 
GREEN OVA PLANTING 
During the years 1955-1957 W. H, Shearer of the Scottish Home Department, 
Pitlochry, carried out investigations into the survivals achieved from green ova 
implanted in plastic boxes. Shearer obtained survivals of from 88, of!- to 9808/5 in 
two burns during his three year investigation, 
A supply of plastic boxes similar to those used by Shearer were obtained and 
an investigation into the survival of green ova implanted by this method in the 
Rivers Lune and Ribble was run concurrently with the investigations into the 
efficiency of natural spawning. In 1960, 1961 and 1962 the plastic boxes containing 
500 freshly fertilised salmon over xfere planted at depths between 8 inches and 
12 inches at various locations on stickles on the main river and feeder streams 
of both systems. 
For each planting operation four or five female salmon were stripped 
and the ova -fertilised. Ova from each fish was kept separate by means of wire 
baskets and the baskets containing the ova were transported round the various 
planting sites in a tank of oxygenated water, After planting was completed 
(some five or six hours after stripping) the remaining eggs from each female were 
placed in the Hatchery to be retained as controls, The boxes were planted in 
December and removed from the gravel in February -and March, 65 - 80 days after 
planting. 
Examination of the boxes planted on the River Ribble revealed a complete 
loss of ova, These boxes were choked with silt and all eggs were putrifying, 
The result of this investigation is shown in Table 3, 
EYED OVA 
Prom 1961 to 1964 investigations were carried out to determine the 
percentage hatchability of eyed ova when planted in the Rivers Lune and Ribble. 
At the correct stage of development, salmon ova were taken at random from those 
"being developed at Middleton Hatchery. The ova were planted in plastic "boxes 
similar to those used in experiments with green ova= Five-hundred well eyed 
ova were placed in each "box and half the ova from each "batch used were retained 
at Middleton as controls. The "boxes were planted at depths between 8 inches 
and 12 inches in suitable gravel on stickles on the main river and feeder streams 
of both systems. Approximately 50% of the implants were made in areas where 
natural spawning takes place. The boxes were removed from the gravel for 
examination approximately 7 days after the eggs from the corresponding batch 
had hatched, (usually about 4 weeks after planting), dead eggs remaining in the 
boxes were removed and counted. The result of the investigation is shown in 
Table 4 below. 
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PART IV 
POPULATIONS PER UNIT AREA OF 0+ PARR FROM 
VARIOUS PLANTING DENSITIES OF EYED OVA, UNFED 
FRY AND FED FRY 
Effect of Planting Density on Survival in 16 Becks River Ribble System 
An investigation was undertaken to determine the optimum stocking density 
of ova and fry in the River Ribble system,. Sixteen becks were selected at ramdom 
and these were divided into two groups of eight* 
In group A becks were planted with fry at four different densities. These 
planting densities were alternated from year to year so that ultimately each 
beck had been planted at each density. 
In group B ova and fry were planted at two different densities* The same 
alternation of planting procedure was used as in group A so that ultimately all 
becks had ~been planted with ova and fry at two different densities* 
Becks in both A and 3 groups were fished out each year during September 
and October" using D.C. electro fishing equipment with an output of 1 to 3 amps 
at 230 volts* The surviving parr were counted and removed to another area* 
Table 5 shows the results of this investigation and Figures 1 and 2 
illustrate the results diagramatically* 
EFFECT OF PLANTING DENSITY 
ON SURVIVAL OF PARR III 15 BECKS - RIVER RIBBLE 
TABLE 5* 
Examination of Figure 1, group A, shows that the percentage survival of 
parr drops with increasing stocking density of fry. However, the final parr 
population density remains constant at all stocking densities at or above 3 per 
square yard. At a stocking density of 1 per square yard, whilst the percentage 
survival is very high, the final parr density does not reach the maximum 
population achieved in these becks. 
Figure 2, group B, shows the percentage survival and final parr population 
density is similar though slightly lower than that produced in group A by fry 
stocked at the same densitY As in group A, percentage survival falls with an 
increase in stocking density of fry. Figure 2 also indicates that the percentage 
survival of ova is very low and iS independent of stocking density. In neither 
case did the parr population density achieved by ova planting approach that 
achieved by fry planting. The fact that survival of ova is independent of 
stocking density supports the evidence that high mortalities occur during the 
egg stage and are not due to competition for food or space after hatching. 
As a result of this experiment ova planting was discontinued on the Kibble. 
It was accepted that implants of 3 fry per square yard would produce an 
acceptable parr population density, consistent with the greatest economy in the 
use of fry. 
Table 6 shows the survival states of stocking different development 
stages at various densities in a number of rivers in the area. These results 
were obtained during routine monitoring of stocked populations and are more 
likely to be affected by the different productivity of individual streams than 
the results obtained in the previous experiment. However, Figure 3 shows the 
results obtained by stocking ova and fry at* different densities on the River 
Lune. A comparison between figures 2 and 3 shows that a reasonable parr 
production is possible by stocking ova on the River Lune and it will be noted 
that the survival of ova to parr on this river is affected by the stocking 
density. This suggests that, unlike the Ribble, hatching is adequate and it is 
competition for food or space which determines the ultimate parr population 
density. 
From Table 6 it can also be seen that, whilst percentage survival decreased 
with increasing stocking density, the final parr population density is fairly 
constant in any one river. However, there is a fair amount of variation from 
river to river: those rivers in the Northern part of the area whose catchment 
includes the volcanic rock of the Lake District being less productive than those 
flowing from limestone in the Southern part of the area. 
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STOCKING DENSITIES 
RIVER LUNE RESULTS OF OVA AND FRY PLANTING 
Table 7 shows the percentage survival of various development stages stocked 
in the different rivers. The number stocked indicates those fish or ova introduced 
into the experimental areas, and the numbers surviving to 0+ parr are the numbers 
found within the areas stocked. The figures given throughout this paper are 
actual results obtained by electro fishing, no attempt has been made to correct 
the results to allow for the fish missed by the fishing method, though tests have 
shown that this would be in the region of 25p. The survival figures are those 
over the area implanted only and are not necessarily the total achieved by the 
planting, as there is evidence that some fish will move downstream. 
RESULTS OF STOCKING POLICY 
As stated in the introduction, it is very difficult to judge the effect 
of salmon propagation policies as the changes in catch are not necessarily 
reflected by the returns to the River Authority. 
RIVER WIRE 
However, in the years up to 1964 the stocks of salmon in the River Wyre 
were extremely low, and commercial netsmen found it uneconomic to operate in the 
estuary of this river, and no licence had been taken out since 1952. In 19^3 
the River Board passed, a byelaw prohibiting netting for 10 years. 
Examination of natural redds and ova implanted in this river revealed 
conditions similar to those found in the Ribblo (i.e. siltation of redds and 
compacting of gravel). These findings were confirmed by Robbins (Liverpool 
University) 1967= In 19^3 the River Board began a policy of introducing fry 
into the River wyre watershed. 
Figure 4 shows the annual rod catch taken from the records of the Wyresdale 
and Garstang Angling Associations which between them control 75?= of the fishing 
rights. The records of these Associations were used in preference to catch 
returns to the Authority as they were thought to reflect the situation more 
accurately. Study of scales from salmon trapped at Garstang revealed that 
between 70% and 75% of salmon entering the River Wyre were grilse. Figure 4 
shows that from 19°3 onwards (the first years that the policy could have had any 
effect) there was a dramatic increase in catches which was sustained except for 
the year 1969° In 1969 a large run of salmon did occur, according to local 
observers, but this run was after the end of the fishing season. This late run 
was due to very low flows during the summer of that year, 
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RIVER RIBBLE SURVIVAL OF FRY PLANTED IN 8 BECKS GROUP A 
RIVER RIBBLE SURVIVAL OF OVA AND FRY PLANTED IN 8 BECKS GROUP B. 
SURVIVAL RATES OF STOCKED AGE GROUPS 
RIVE R W Y R E 
These results are more striking when it is borne in mind that the rixrer 
has been affected by U.D.SF. since 1967 and a shortened fishing season has been 
operated since 1969. Since the onset of U.D.itf. about 400 salmon have been removed 
from this river by the bailiff, and this can bo only a small proportion of the 
fish which have actually died from the disease in this river. 
The examination of rod catch returns for England and Wales shews that 
the average catch for the period 1965-69 was 14°7% higher than the average catch 
for 1955-64 During the same period the increase on the River Wyre was 373.1% 
(from Qarstang and Wyresdale Anglers' records only). Calculations using the numbers 
of fish returned to the Authority produce an increase of 286.46% for the same 
periods. It seems more than probable that the steep increase in the number of 
salmon entering the River Wyre was a direct result of the fry stocking policy. 
RIVER RIBBLE 
Figure 5 shows the annual rod and net catch of the River Kibble from 
1953-1970 and also shows the number of fry which have been stocked during this 
period. It can be seen from Figure 5 that, although there are the usual 
fluctuations in catches from year to year, the catch has been approximately 
doubled during the period in which the fry stocking policy-could be expected to 
have any effect. Examination of rod and net catches for England and Wales shows 
that the period 1962-69 produced an average catch 38.4% higher than the proceeding 
period 1955-61. During the same period the increase on the River Ribble was 
142.6$. In this river also catches must have been affected by U.D.1T. and a 
shortened rod fishing season in 1969° 
RIVER LUBE. 
Figure 6 shows the annual catch by rods and nets in the River Lune for the 
period 1950-1970? and also shows the ova and fry which have been planted during 
this period. 
Examination of the rod and net catches in England and Wales shows that the 
average catch for the period 1955-69 was 54v- higher than for the period 1950-54° 
On the River Lune the increase was 58°4$° However, it seems that the increase in 
Lune was probably not wholay associated with the stocking policy. This could be 
expected as the investigations indicated that natural spawning in the Lune produces 
an adequate number~of fry. Thus, it is only in streams which are inaccessible ^ o 
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FIGURE 5 . RIVER RiBBLE 
FIGURE 6. RIVER LUNE 
adult salmon that any increase in production of salmon can be obtained. The River 
Lune, however, has been very severely affected by U.D.1T,, a total of over 10,000 
diseased salmon having been removed by the bailiffs since Fovember 1966, This 
number is only a proportion of the actual number of fish affected, and the 
severity of the disease has had a disastrous effect on natural spawning, In the 
main spawning area of the River Lune (Broadraine to Gaisgill) in 1968 only four, 
and in 1969 only five, natural salmon redds were observed- In the years prior 
to U.D.H., between 1,500 and 2,000 redds were counted over this section annually. 
Under these circumstances it is imperative ~co continue the stocking policy<> 
RIVER KENT 
Figure 7 shows the annual catch by rods and nets on the River Kent from 
the year 1952-70 and also the numbers of ova and fry stocked during this period. 
The increase in the average catch for England and Wales for the period 1962-69 
was 38.4% higher than the proceeding period 1955-61. On the River Kent the increase 
over the same period was 153.1% 
On the River Kent natural spawning produces an adequate survival of fry, 
but a large proportion of the catchment area is isolated from spawning salmon ~by 
impassable dams, weirs and natural obstructions. The object of the stocking 
policy in the Kent has been to utilise these inaccessible areas for salmon parr 
production. 
The percentage catch increases have been calculated from rod and net 
catch returns with the exception of the River Wyre The increases are calculated 
for each river for a period prior to stocking and for the period during which 
stocking could have been effective. 
SUMMARY 
The investigations revealed that natural spawning was adequate on some 
rivers in the area, but in others the survival of naturally spawned ova was not 
high enough to produce reasonable fry population densities. This low survival 
was attributed to siltation and compacting of the gravel. In the rivers where 
this condition applied artificial planting of ova also produced very low survival 
rates, whereas planted fry produced what is probably the maximum population ceiling 
of parr in these river systems. 
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RIVER KENT FIGURE 7 
The most economical planting density was also determined for certain 
rivers in the area, and it was found that stocking at higher densities 
produced no increase in numbers of parr. 
The catches in rivers which had been subject to a stocking policy were 
examined and compared with national catches for the same period. In three out 
of four cases increases in catch which were significantly higher than national 
increases were noted. These increases were related in time to the stocking 
which had been carried out. In these three cases a valid ecological reason for 
artificial re-stocking was present. In the other case, that of the River Lune, 
the increase was only marginally higher than the figure for the whole of England 
and Wales, and it is felt that, until the advent of U.D.U., natural spawning in 
this river was adequate to produce nearly the maximum possible parr population. 
Therefore, any increase in the parr population can only be achieved by implantations 
in becks inaccessible to spanning salmon. 
The circumstances which prevail in individual rivers will determine the 
success or failure of artificial propagation efforts. 
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